chest X-ray, thrombus in the left atrium or ventricle, and stroke in mechanism associated with the Valsalva maneuver. The study was approved by the Bioethical Committee of the Medical University of Silesia. All study participants were informed about the objective of the study and provided written consent.
Medical history of all subjects was recorded and physical examination was performed to collect data on CAD duration, comorbidities, etc. The presence and location of hypokinesis (groups 1 and 2) of the LV were analyzed by TTE. The 17-segmental model of LV division was used. According to the location of hypokinesis, the following regions were considered in the analysis: interventricular septum (IVS; segments: 1, 6, 7, 12, 13), anterior wall (segments: 4, 10, 16), lateral wall (segments: 2, 8, 14) , and posteroinferior wall (segments: 3, 5, 9, 11, 15) as well as the apex (segment 17). Transesophageal echocardiography (TEE) was performed in patients with bad acoustic window, in whom TTE did not allow for an objective analysis. Also, 12-lead electrocardiography and Doppler examination of the intra-and extracranial arteries were performed.
Cerebral embolism in the middle cerebral artery (at a depth of 60 mm for 30 minutes on each side) was detected in the first 24-48 hours of the disease in patients with stroke, during hospital stay in patients without symptoms of stroke, and on an outpatient basis in the control group.
The total number of embolic signals in an hour and their intensity were determined in each patient. The detected signals met the accepted Spencer criteria. 16 The statistical analysis was conducted using the Statsoft Statistica 7.1 software. During the first stage of the analysis, the basic descriptive statistics (arithmetic mean, median, quartiles, variance, SD, etc.) were determined. The χ 2 test for independence or the Fisher's exact test was used to compare the distribution of nonparametric variables. Parametric variables were compared using either the t test (age -normal distribution) or the Mann-Whitney U test (duration of CAD that did not meet the condition of normal distribution). The null hypothesis related to the conformity of a given parameter to normal distribution was assessed using the Kolmogorov--Smirnov or Shapiro-Wilk tests. The accepted level of statistical significance (type I error) was set at a P-value less than 0.05.
REsuLTs Clinical characteristics of the participants Patients in group 1 were significantly younger (P = 0.0024) compared with those in group 2. The mean age of patients in groups 1 and 2 did not differ significantly compared with the control group.
The duration of CAD varied from 6.2 to 21.4 years (mean, 13.8 years). In group 1, it ranged from 6.2 to 10.4 years (mean, 7.9 years; SD, 2.6); in group 2, it ranged from 1 to 21.4 years cardiogenic stroke and segmental LV wall motion abnormalities. The relationship between the presence of HITS and the occurrence of a clinically apparent stroke is well-recognized. 6-10 HITS can be identified in most patients with stroke of embolic etiology within 48 hours from the onset of the disease. 11 Their occurrence has been recognized as a risk factor for another cerebral ischemic event. 10 The presence of HITS was first confirmed in patients with a cerebral embolism and the absolute risk factors for the disease, 12,13 namely, in 55% of the subjects with artificial valves and in 21% of those with atrial fibrillation. 13 Of note, only few publications are related to the detection of HITS in conditions that are considered to be relative causes of a cardiogenic cerebral embolism. 14 These conditions include segmental LV wall motion abnormalities in the form of hypokinesis. In addition, strokes often occur in patients with hypokinesis, hence our interest in this topic.
The aim of the study was to assess whether the presence and location of LV wall hypokinesis in the course of coronary artery disease (CAD) are related to the incidence of embolic signals in patients with and without stroke.
PATIENTs ANd mEThOds A total of 68 patients with CAD and LV hypokinesis were included into the study. Patients were divided into 2 groups: group 1 including 33 patients without the clinical symptoms of stroke (9 women and 24 men aged 21-71 years; mean, 53.7; standard deviation [SD], 10.85 years), and group 2 including 35 patients in the acute phase of an embolic stroke (9 women and 26 men aged 37-87 years; mean, 62.7; SD, 12.6 years). The reference group comprised 30 patients (aged 43-76 years) with atherosclerotic risk factors. The control group consisted of 37 healthy volunteers matched for age and sex (23 women and 14 men aged 41-71 years; mean, 54.1 years; SD, 8.98 years).
The inclusion criteria for groups 1 and 2 were as follows: stable CAD previously confirmed by noninvasive and invasive tests; segmental LV motion abnormalities in the form of hypokinesis diagnosed using transthoracic echocardiography (TTE). In addition, for group 2: cardioembolic stroke on the basis of the criteria by Adams et al.,
15 including heart disease associated with an absolute or relative risk of embolism, exclusion of carotid and cerebral artery stenosis based on ultrasonography, hypodense focus in head computed tomography (CT), confirmation of a stroke by head CT. The accepted age range was from 35 to 85 years.
The exclusion criteria were as follows: LV motion abnormalities in the form of akinesia / dyskinesia, LV systolic dysfunction (LV ejection fraction <50%), severe LV dilatation, history of stroke, significant valve disease (grade II/III), implanted prosthetic valves, cardiac arrhythmia, atherosclerotic lesions in the aortic arch observed on plain In group 2, 11 patients had a partial anterior circulation infarct, 6 had a total anterior circulation infarct, 8 had a lacunar infarct, and 10 had a posterior circulation infarct.
In the acute phase of stroke, patients were treated with aspirin or intravenous heparin (for progressive stroke) according to the recommendations of the Polish Society of Neurology. Patients in group 2 took acetylsalicylic acid in a daily dose of 75 mg.
Location of left ventricular hypokinesis Hypokinesis of the IVS was significantly more common in group 1 than in group 2 (P = 0.030). The incidence of other locations of LV hypokinesis did not differ between the groups (TAbLE 1).
Incidence of embolic signals Embolic signals were detected in 26 patients (39.4%): 9 patients (29.0%) in group 1, 17 patients (48.6%) in group 2, and 1 patient (3.4%) in the reference group. No embolic signals were detected in the control group (FIGuRE) .
Embolic signals occurred in patients with segmental LV wall motion abnormalities (groups 1 and 2) significantly more often than in the control group. The difference between groups 1 and 2 was not statistically significant.
Number of embolic signals
In group 1, only 1 or 2 HITS per patient were recorded. In the other group, 1, 2, 3, or 7 signals were identified (TAbLE 2) . An increased number of embolic signals (3-7) was observed significantly more often in group 2 than in group 1 (P <0.05).
Embolic signals and the location of wall motion abnormalities In group 1, embolic signals were detected in patients with IVS and apex hypokinesis. No HITS were observed in patients with hypokinesis of the lateral and posteroinferior walls (TAbLE 3) .
In group 2, the frequency of embolic signals was similar in patients with septal abnormalities and those with the abnormalities of the LV posteroinferior wall.
dIsCussION The results of our study show that the presence of a microembolism is associated with mild LV wall motion abnormalities in the form of hypokinesis. HITS were detected (mean, 9.2; SD, 11.2) years. The differences were not significant.
Myocardial infarction was reported in 53 patients: 23 patients (74.2%) in group 1 and 27 patients (77.1%) in group 2.
The following comorbidities were identified: arterial hypertension in 39 patients (16 in group was older and had a number of other potential risk factors for embolism. 25 It should be noted that the exclusion criteria in our study allowed us to analyze the presence of HITS in patients with segmental LV wall motion abnormalities that could be the only possible cause of cerebral embolism.
A quantitative analysis showed a significantly higher number of embolic signals in the group of patients with stroke. A difference in the number of embolic signals observed in 1 patient with HITS was also demonstrated. From a practical perspective, an increase in the number of embolic signals to 3 in a patient with segmental LV wall motion abnormalities should be regarded as a warning against embolic stroke.
Our results are in line with similar studies in which an increase in the number of signals in cardiac diseases is associated with a higher risk of embolism.
26
We did not demonstrate statistically significant differences in the location of hypokinetic segments between the groups with and without stroke, but our findings may suggest such a relationship. In patients without stroke, HITS were detected only in patients with hypokinesis of the IVS or the apex. In patients with stroke, as many as 55.5% of the patients with apical hypokinesis and 60% of those with IVS hypokinesis had embolic signals and their incidence was higher than that in patients with a different location of wall motion abnormalities. Of note, wall motion abnormalities of the apex and IVS seem to be significant predisposing factors for thrombus formation. This finding concerns primarily patients with myocardial infarction.
27 Atrial fibrillation is also associated with thrombus formation, which may be the source of embolic material for cerebral circulation.
28,29 Our results seem to be in agreement with the view that not only the qualitative and quantitative characteristics of HITS but also the location of embolic material formation are risk factors for cardiogenic stroke. 26 A relatively small number of subjects is a limitation of our study. However, the optimal selection of the groups allowed us to choose relatively similar subjects and thus to draw conclusions regarding segmental LV hypokinesis as a risk factor for the occurrence of HITS.
Previous studies that evaluated the incidence of embolic signals in the acute phase of an ischemic stroke differ in the assessment of this phenomenon. The diversity of results probably depends to a large extent on the time since the onset of stroke and its etiology. Not all patients underwent TEE but other parameters, such as sinus rhythm and correct dimensions of the left atrium, suggested that there was no thrombus in the left atrial appendage. Patients with stroke were older than patients without stroke and the control group. Considering that age is a risk factor for both atrial fibrillation and stroke, this could be an additional factor that contributes to cerebral ischemia. 30, 31 in almost 40% of the subjects with CAD and wall motion abnormalities. HITS were also observed in patients with a recent stroke and stable CAD (48.6% and 29%, respectively); however, the difference was not statistically significant. On the other hand, HITS were not detected in the control group.
This observation is significant because the presence of HITS is a risk factor for the occurrence of ischemic stroke. [17] [18] [19] The available data suggest that in individuals with different risk factors for stroke, embolic signals occur more often in those who have suffered from cerebral ischemia compared with asymptomatic individuals. A similar trend was observed in our study.
The relatively high incidence of HITS observed in our patients without embolic stroke is interesting. Similar results were reported by Sliwka et al. 20 who monitored the middle cerebral artery in patients without previous neurological events. They observed HITS in 36% of the patients with CAD, ejection fraction above 30%, and the presence of akinesia or hypokinesis of at least 3 segments in a 16-model division of the LV. A study with similar assumptions revealed the presence of HITS in 25% of the patients without stroke, who had been referred for standard echocardiography. 10 The presence of HITS in patients with acute ischemic stroke depends on the time of the measurement. 11,21-23 Grosset et al. 11 observed HITS in 71% of the patients within 48 hours from the onset of cerebral ischemia. We also assessed cerebral embolism in the first 24 to 48 hours after stroke and observed a similar incidence of HITS (48.6%).
The incidence of embolic signals in patients with stroke depends on the etiology and the potential co-occurrence of several risk factors for stroke.
20,24 In a study of patients with ischemic stroke or a transient ischemic attack and cardiac diseases with a different embolic potential, the highest number of HITS was detected in subjects with mitral valve vegetations (100%).
22
In the cases of atrial fibrillation and an akinetic segment of the LV, HITS were present in 33% of the patients. According to the available data on patients with cardiac diseases associated with a low risk of cardiogenic embolism, the highest incidence of HITS was reported in patients with mitral ring calcification (33%).
22 Detection rate of HITS in our group with embolic stroke was similar to that reported by Kuznetsow et al.
24 They examined patients with cardiogenic stroke with 1 cause of a cardiogenic cerebral embolism.
A number of reports have emphasized the incidence of HITS in patients with a recent myocardial infarction and LV wall motion abnormalities, particularly if they are accompanied by thrombus or impaired ejection fraction.
17 There are only a few studies reporting the relationship between segmental LV wall motion abnormalities and stroke. In a report by Deleu et al., 25 a higher incidence of lacunar stroke was observed in patients with segmental LV wall motion abnormalities, but this Terént A. Trends in stroke incidence and 10-year survival in Söderhamn, 30 Sweden, 1975 -2001 . Stroke. 2003 34: 1353 -1358 Go AS, Hylek EM, Phillips KA, et al.
31
Prevalence of diagnosed atrial fibrillation in adults: national implications for rhythm management and stroke prevention: the AnTicoagulation and Risk Factors in Atrial Fibrillation (ATRIA) Study. JAMA. 2001; 285: 2370 -2375 In conclusion, segmental LV wall motion abnormalities in the form of hypokinesis in patients with CAD are associated with the presence of embolic signals in the middle cerebral artery, which may have clinical significance as a risk factor for stroke.
